A recent retrospective observational database analysis of 109,360 patient records reported that postoperative pulmonary complications were associated with pressurecontrolled ventilation (PCV) as compared with volume-controlled ventilation (VCV) [1] . Furthermore, PCV was associated with higher tidal volumes and driving pressures, and postoperative pulmonary complications with PCV were more common at lower values of positive endexpiratory pressure (PEEP). The authors therefore advocate for the use of VCV, an appropriate level of PEEP and low driving pressures to reduce postoperative pulmonary complications [1] . Their methods, results and conclusions have attracted much attention [2, 3] and we believe several aspects of their study warrant further discussion. Although there is good evidence supporting the theory that intra-operative high tidal volumes, high driving pressures and low or no PEEP increase the risk of postoperative pulmonary complications [4] [5] [6] , there is no clinical evidence or biological rationale as to why PCV alone should be any riskier than VCV [7] . Our interpretation is the association described may be due to ventilatory parameters such as tidal volume, driving pressure and PEEP rather than the mode of ventilation itself. We also argue the mode of mechanical ventilation is less important than other ventilatory and nonventilatory aspects of peri-operative care. In this editorial we set out why we take this stance, explore some definitional and methodological issues arising from the study, and set the findings in their clinical context.
Definitions
Postoperative pulmonary complications are variably defined in the literature with many studies using subtly different criteria, although there have been attempts at standardisation [8] . The precise definition of postoperative respiratory failure further complicates matters. In general terms, a postoperative pulmonary complication is the clinical manifestation of lung injury following surgery, and thus a large number of loosely defined clinical syndromes are captured. This may lead to the development of postoperative respiratory failure, which is most frequently defined as a new episode of hypoxaemia (Pa0 2 < 8 kPa on air) within five days of surgery [8] . The incidence of postoperative respiratory failure seems to be increasing despite improvements in peri-operative practice, and the overall incidence following noncardiac surgery is currently in the region of 4-5%. The development of a postoperative pulmonary complication contributes significantly to morbidity and mortality and better predicts long-term mortality after non-cardiac surgery than does the development of a cardiac complication [9] .
Outcomes
The primary outcome reported by Bagchi et al. is a composite of the incidence of re-intubation, pulmonary oedema, respiratory failure and pneumonia [1] . The use of a composite outcome has certain limitations [10] , but its use to capture and compare postoperative pulmonary complications seems entirely reasonable. Out of 18,268 patients receiving PCV, 17.7% suffered a pulmonary complication as compared with 7.8% of 91,092 patients receiving VCV [1] . The overall incidence of 9.4% is similar to other studies, but reported incidences vary according to the definition and detection methods used together with, among other factors, the sample population and type of surgery undertaken. There was a large difference in the incidence of pulmonary complications between the PCV and VCV groups, with more than double the number of patients suffering pulmonary complications following PCV. Before applying corrective methods, the OR for developing a pulmonary complication following PCV as compared with VCV can be calculated as 2.55 (95% CI 2.44-2.67). Multivariable and propensity-matched adjustments are subsequently undertaken to correct for possible confounders.
In the multivariable model, the OR for developing a postoperative pulmonary complication with PCV as compared with VCV was 1.29 (95%CI 1.21-1.37). In the propensity-matched analysis, the effect is slightly more, OR 1.56 (95%CI 1.47-1.66). Putting the propensitymatched result into context, the odds of developing a pulmonary complication in patients ventilated with PCV was 1.56 (or 56% greater than) the odds for patients receiving VCV. This is roughly equivalent to three patients developing a pulmonary complication following PCV to every two with VCV, or using a 'rule of thumb', a small statistical effect. This begs the question, is this effect clinically significant, can we explain it and should clinical practice change?
Mechanisms
The development of a postoperative pulmonary complication is multifactorial with a number of patient, anaesthetic and surgical factors all contributing to some extent. For example, the act of delivering a general anaesthetic to patients introduces a number of detrimental physiological processes that predispose to the development of lung damage. Anaesthetic agents blunt the respiratory drive and reduce minute ventilation with alveolar hypoxia occurring soon after induction of anaesthesia. Functional residual capacity is reduced in the supine position, and when closing capacity increases simultaneously, small airway collapse and atelectasis ensues. This occurs almost universally at the induction of, during and following anaesthesia, and the degree to which these changes develop is a significant factor with regard to the clinical manifestation of postoperative pulmonary complications. Additionally, factors such as respiratory and cardiovascular comorbidity, advanced age, long surgical procedures involving the thorax and abdomen, postoperative respiratory muscle dysfunction and suboptimal analgesia have all been shown to be associated with the development of postoperative pulmonary complications.
It is widely recognised that high tidal volumes (volutrauma) and driving pressures (barotrauma) cause harm, even in patients with healthy lungs undergoing routine surgery [4, 5, 11, 12] . The lung may also be injured through repeated collapse and reopening of under-recruited alveoli (atelectrauma), although its prevention through the use of PEEP is less clear [12, 13] , and optimal PEEP is likely a function of patient, surgical and anaesthetic factors. Frequent recruitment manoeuvres may contribute to the avoidance of atelectrauma, although how, when and under what circumstances they should be delivered is less clear [14] . Pressure-controlled ventilation may have several advantages over VCV including avoidance of barotrauma through fixed driving pressure, quicker delivery of tidal volumes and
Bagchi et al. argue that changes in intra-operative lung compliance may explain the use of higher tidal volumes in the PCV group [1] , although this may suggest a lack of vigilance in those using PCV. Additionally, high driving pressures (> 19 cmH 2 O) were more commonly seen with PCV and this suggests patients receiving PCV may have been ventilated less 'protectively' as compared with those receiving VCV. Selection bias must be considered, as PCV may have been used for 'high-risk' cases, and those using PCV may have been less experienced or skilled. It is difficult to attribute this bias and/or unmeasured confounding to the association described, as much case detail is uncaptured and therefore lost. Establishing what happened and why is problematic as compared with, for example, a randomised controlled trial, where many important contributory variables are recorded prospectively and reported [15] .
Quality improvement
A 'care bundle' is a range of beneficial interventions which, when performed together, yield better outcomes than if performed individually. The power of care bundles to change outcomes has recently been demonstrated at a large UK hospital through reduction of postoperative pulmonary complications from 19.3% to 8.7% together with a reduction in length of stay for patients undergoing major surgery [16] . There is, however, a growing appreciation that quality improvement initiatives like this are, to some extent, context-dependent and difficult to translate to other settings. Other important ventilatory strategies include postoperative non-invasive ventilation -which has been demonstrated to be beneficial in preventing and treating postoperative pulmonary complications in a number of different patient groups [17] , and high-flow nasal oxygen therapy [18, 19] , particularly following higher risk surgical procedures traditionally associated with an increased risk of postoperative pulmonary complications.
Careful patient selection and tailored anaesthetic and surgical techniques may reduce the risk of developing a postoperative pulmonary complication, although it is difficult to define, measure, study and therefore implement such recommendations. A number of validated scoring systems have been described and although many risk factors are non-modifiable, identification of high-risk patients allows for appropriate allocation of time and resources, such as the utilisation of high dependency units and high-intensity nursing areas. The use of balanced analgesia regimens and regional anaesthesia and analgesia where appropriate and indicated may also be important. Finally, physiotherapy, mobilisation and oral hygiene care are low-risk, low-cost interventions and should always form part of a multimodal postoperative care strategy [16, 20] .
Confounders
Postoperative pulmonary complications are difficult to define and measure, are affected by multiple interacting variables, and small differences in outcomes between compared groups in randomised controlled trials are common. Large numbers of patients are usually required for such studies and random sampling with adequate control of confounding and bias is problematic. Randomised controlled trials and systematic reviews are therefore unlikely to advance our understanding of the reasons for and strategies to prevent postoperative pulmonary complications in the immediate future. In our quest to understand and make sense of clinical practice more generally, we are increasingly reliant upon other forms of evidence, such as quality improvement projects and whole-population observational analyses. Some may find the limitations of randomised controlled trials a source of great frustration. That said, anaesthesia is arguably one of the last refuges in clinical medicine where clinicians are permitted to practice their craft for the good of the patient according to experience, expertise, and local or expert consensus [21] , where appropriate. Similarly, the difficulties in designing and conducting prospective randomised studies in anaesthesia could be seen as an opportunity to employ innovative research methods, and the study by Bagchi et al. [1] is an excellent example of the use of such methods where traditional research has arguably failed [22] .
The limitations of retrospective studies are well understood [23] , but they also have several important advantages (Table 1 ). Due to these advantages, observational methods are commonly employed in clinical studies and their conclusions may affect the way we care for patients. Due to this familiarity, clinicians find themselves well placed to assess quality, bias and confounding. The study by Bagchi et al. utilises a comprehensive and well-maintained database [1] , and therefore must be interpreted slightly differently from the manner in which the quality of observational studies are usually assessed. In order to assess the quality of database analyses, one must first assess the quality of the database. In an attempt to increase the awareness of clinical databases in the UK and safeguard their quality, a registry was created in 2003. Despite much initial promise, the statutory body responsible for providing healthcare information withdrew their funding and support for the website several years ago. In the future, our understanding of peri-operative mortality could be improved by developing a single database that can accommodate additional information as the patient progresses through their peri-operative care; a universal system common to all patients having any operation at any centre [24] . At the present time however, it is difficult to assess the quality of clinical databases in the UK and it is unlikely that a study with similar methods would yield the number of patients and level of detail as that presented by Bagchi et al. [1] . Their data are therefore of great value to us all.
Conclusions
Postoperative pulmonary complications are common; increasingly prevalent due to shifting patient baseline characteristics; difficult to define, measure and study; and cause significant harm to patients. Targeted strategies are required at every stage of the peri-operative journey, although providing a definitive list or practice recommendation is not currently feasible due to the limited quality of clinical evidence and the strong influence of local contextual factors. Although the observation, that PCV was associated with postoperative pulmonary complications, is correct, so too must be the inference. We argue the suggestion that postoperative pulmonary complications can be prevented through selecting VCV instead of PCValthough it may seem neat, simple and plausible -is wrong. Complex problems often require complex solutions and this seems to be the case with regard to strategies to reduce the incidence of postoperative pulmonary complications. Although this may cause frustration for some, it should be seen instead as an opportunity to test innovative clinical interventions and research methodology. For doing just that, Bagchi and colleagues should be congratulated. Reliant upon accurate prospective recording of data resultant from the delivery of clinical care Pragmatic, efficient, cheap and relatively quick to undertake May under-report the incidence of complications and adverse events Usually easy to obtain quick ethical and governance approvals or waivers Sampling is through convenience and not random selection;
conclusions are therefore difficult to generalise Allows for corrective methods such as propensity matching Even with corrective methods, unmeasured confounding will almost certainly be present Enables the study of rare treatments, complications or events It is often difficult to establish the influence of temporal effects
